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I. INTRODUCTION

In early 1963 discussions were held between Picatinny Arsenal and
Research Institute personnel regarding the possibility of using high temperature
producing chemical reactions as a light source to pump a sclid-state laser. A
program was undertaken to investigate this possibility. With the background
of previous research carried cut at Picatinny Arsenal, rRL, and a close coopera-
tive effort by both sponsor and contractcr, studies were initiated on several
systems with the main one beliig the cyanogen-oxygen gaseous detonation system,
As the program progressed, this system showed more and more promise as one that
would be capable of pumping a ruby solid-state laser. The program went in
several directions concurrently, maximum light output of the cyanogen-oxygen
system, development and fabrication of pumping fixtures, and studies on other
systems that might prove useful as chemical sources. This summary report
describes the research and studies which lead to the successful pulse-pumping

of both neodynium and ruby solid-state lasers.




e e P v TR TR 7T mma N
ems v ST WAL T RV OPTE LW ST ISR
P

]

II., INSTRUMENTATION

A, TEMPERATURE DETECTION EQUIPMENT

1. Phctodiode System

The method for measuring the brightness temperatures in the experi-

me1 ts described herein was identical with one developed at the Picatinny

F Arsenal Pyrctechnics Lahoratory(l). The image of the detonation wave

f front, the brightness temperature of which was to be measured, was

3 projected onto a plare immediately in front of a plate which had an

1/8" hole,

A light detector provided with appropriate filters was
located behind this plate so that it saw a portion of the image through
F the 1/8" hole, The diagram of this system is shown in Fig. l. The

3 output signal from the detector was fed into a Teletronix Type 533 or

545 oscilloscope., The sweep was triggered directly by the signal, Two

Pelaroid cameras were used to make permanent records, A Philco type

G

L-4413 silicon P-N junction photosensor was ussd as the detector. The

diagram of the photosensor, the cathode follower, and the power supply

7

is shown in Fig. 2. Figure 3 shows the spectral sensitivity of the

sl R

L-4413 photosensor,

2. Photomultiplier System

In later experiments the projection of the image with a lens was

found impractical.

et ———— e~ s =

The image hole size was decreased to 5/64' and, since

the detector had to remain at about the same location, the photosensor

R AL e o U

3 (l)Smith, Chester L., Kisatsky, Paul J., "An Investigation Into The
i Feasibility of a Pyrotechnics Laser Pump'", Technical Rep. 3102,
Picatinny Arsenal, Pyrotechnics l.aboratory.
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was changed to a sensitive 931A photomultiplier tube which has a spectral
rasponse as shown in Fig, 4. The schematic of this detecror is shown

in Fig. 5. The low power consumption of the photomultiplier tube
permitted the use of a battery power supply with its inherent simpiicity,
low noise, and no ripple. However, due to the bulkiness of the battery

ack, an AC power supply was constructed, as shown in Fig., 6.
P ’ Pr N

3, T{ilter Data and Ratio Curves

Two filters were used for the detector systems. One was a narrow
band interference filter peaking a2t 582 millimicrons with a band width
of 14 millimicrons, With this fiiter, both systems, photcsensor and
cvhotomultiplier, peak at 582 millimicrons because of the filter's narrow
band width. The other was a broad band filter with & wave length range
of 480 millimicrons to 6900 millimicrons ("M" Filter). Using thiz filter,
the Philco photnsensor pzaked at 575 millimicrons and the photrmsultiplier
(Type 931A) at 550 millimicrons. In order to facilitate the reduction
of data quickly, curves were calculated for brightness temperature versus
"R", which is the ratio of the output of a 2u400°K tungsten band lamp
and the experimental item. These curves are based on thes use of Plank's

Equationgl). Three curves are presented:

(1) T vs R for 582 millimicron filter, Fig. 7

(2) T vs R for "M" filter Philco photosensor,
peaking at 575 millimicrons, Fig. 8

(3) T vs R for "M" filter + 931A photomultiplier
peaking at 550 millimicrons, Fig. 9

" i oials amnaid

TP

(l)Smith, Chester L., Kisatsky, Paul J,, “An Investigation Into The
3 Feasibility of a Pyrotechnics Laser lump", Technical Rep., 3102,
A Picatinny Arsenal, Pyrotechnics Laboratory.
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The light intensity appearing at the detectors was varied by means
of neutral density filters to keep the photodiode and the photorultiplier

within their linear operating range.

B. LASER DETECTION EQUIPMENT
1, Diode Type
The same unit as described in Section A, Part 1, above, The L-4u413
Philco detector (see Fig. 2) was separated frem tne lens system and
placed directly in the laser beam path. Bu usirng an appropriate filter,
this diode detector was adequate for detecting lasing pulses from both

ruby and neodynium crystals.

2. Photomultiplier Type
Similarly, the photomultiplier system, as shown in Fig., 5, was
used for the detection of lasing pulses from ruby crystals using
appropriate filters. Since the 931A photomultiplier is not responsive

on the infrared (see Fig. 4), it could only be used for ruby lasing

detection.

3, Filters Used for Laser Detection
a. Neodynium Doped Crystals
A Corning type 7-56 infrared transmitting visible absorbing
filter was used on detectors for all neodynium crystal lasing
experiments, This filter transmits from 0,9 tc below 2.7 mu.

Neodynium doped glass laser emits at 1.06 mu,
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b, Ruby Crystals
An interference filter of 693 mu was used on all detectors
for monitoring the lasing of ruby crystals. The lasing wave length

of ruby crystals is 693.4 mu.

RADIATION PROBES
It was of interest, particularly in the case of the pumping fixture,
to determine the energy level covering the area where a laser would be
placed during pumping experiments. To facilitate this, a series of radiation
probes were constructed of the general type shown in Fig., 10. These probes
vere made small enough to fit into a 1/2" I.D. hole in the Lucite laser
holding tubes. A Type L-4413 Philco photodiode was used as the pick-up
which was fed directly to an oscilloscope., With a load resistor of 500 or
1000 ohms, the linear range of the dicde went up to 200 millivolts and the
output was kept in this range by use of neutral density filters. Three
types of probes were constructed using different filters,
1., Infrared filter. Corning Type 1-69 transmission
Transmissiou 400 mu to 700 mu
2, Blue or Blue-Green Filters
Corning type transmission
Corning type transmission
3. Interference filters
565 mu, 14 mu band width

431 mu, 1% mu band width
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Type 3 probes using the interference filters prcved to be the most reliable.
By calibration against a series of AG-1 flash bulbs, brightness temperatures

could be estimated,

SPECTROGRAPHIC INSTRUMENTATION

In the spectrogranhic studies, a 3ausch and Lomb 1.5 meter spectrograph
was used, TRI-X film was used to record the emission spectra of the system
investigated and the exposure was controlled by the distance of the fixture
used from the entrance slit of the spectrograph. The TRI-X film was analyzed
by use of a modified Applied Research Laboratory Model B5400A Densitometer
coupled to a Minneapolis Honeywell millivolt recorder which produced an

intensity versus wavelength trace.

LUCITE WINDOW LIGHT ATTENUATION

Since Lucite windows approximately 1 1/4" thick are used in several of
the fixtures, it was of interest to determine the light attenuation or
brightness iemperature attenuaticn of these windows and also the effect
on the optical system, %sing the standard 2400°K tungsten band lamp, an
attenuation of 25% was obtained with the 1 1/4" Lucite window. Fifteen
tests were made using AG-l flash bulbs with and without the window. The
temperatures of the AG-1 flash bulbs were 200° lcwer with the Lucite in
place as compared to the flash bulbs alone; however, using the standard lamp
millivoltage with the Lucite plug in place, the temperatures obtained for the
flash bulbs with the Lucite plug were the same as those without the plug,
These experiments show that the system can be calibrated with the Lucite plugs
included and that no adverse effect on the optical system occurred with

their use,
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I1I, FIXTURES

A. BRICHTNESS TEMPERATURE MEASUREMUNT CELLS
A zeries of fixtures were constructed to facilitate the measurement of
the brightness temperature of various gaseous Jdetc.ation systems and one
for use with a solid system, The following are the various types used,
. Confined Chamber
Figure 11 shows a configuration of the confined chamber fixture.
This unit was fabricated of stainless steel and was use2 for
experiments utilizing solid materials. It had provisions for a
squib type ignitor (M1Al, 90/10 or with bridge wire only). A 1/4"
Lucite window bolted across the face of the fixture was used tc
cbserve the reaction. This unit was utilized for the tetracyano-

ethylene~potassium perchlorate system,

2. Test Tube Detonation Cell
This fixture is shown in Fig. 12 and utilized a 11 mm diameter
x 3" Pyrex test tube, "O" ring sealed to a stainless cteel adapter
block which contained an AC Typ= M~8 spark plug which served as

ignitor. This unit was used for atmcspheric and sub-atmospheric

gaseous detonation system experiments utilizing cvancgen-oxygen. In
sone cases a flat head test tube was used, This unit proved to be

very successful for carryirng out the brightness <ewperature measure-

ity

ments of the gaseous detonation system up to 1 Atm. pressure,
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Metal Cavity Detonation Cell

Constructed tc carry out experiments at high pressures utilizing
gaseous detonation systems, a fixture was fabricated as shown in Fig. 13,
This unit was made of stainless steel and included windows perpendicular
to the axis and alse a viewing pert at the end. Ignition methods
included squib and spark which were facilitated by interchangzable
fittings as shown in Fig. 13 and 14, Internal volume of the fixture
was a cylinder 1/2" in diameter x 6" long. This fixture was used for
a series of gasecus detonation systems and proved highly successful for
determining both brighiness temperature axielly and perpendicularly
to the axis, detonation velocity, and effects of pressure on the

above parameters.

tucite Tube Chambers

By adapting the test tube detonation cell block, various sizes of
Lucite tubing were able to be used as confinement chambers, as shown in
Fig. 15. These fixtures allowed axially perpendicular viewing of the
detonation system under investigation as well as head-on observation.
Also it facilitated the use of various internal diameters and lengths

to be used for comparative purposes,

Slit Fixture

Figure 16 shows a drawing of the slit fixture. This apparatus was
constructed at Picatinny Arsenal for the purpose of determining the
detonation velocity of various gaseous detonation systems, It preved
to be highly successful for this purpose. Axial observation of the
detcnation front was also facilitated by Lucite windows at the end.

Spark ignition by an AC Type M-8 spark plug was used,
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BE. PUMPING FIXTURES
1. Coaxial Chamber
A coaxial pumping chamber was febricated of stainless steel and
is shown in Fig. 17 and 18, This unit was used both for pumping experi-
ments and temperature measurement and had Lucite observation windows
in the side and front of the fixture. Spark ignition was facilitated
by an AC Type M-8 spark plug mounted on the side or at one end., A
Lucite tube, 1" in diameter and 9" long, was placed on the center axis

of the fixture where either probes or a laser could be mounted.

2. Multi-pass Pumping Fixture

This fixture utilized the principle of passing a detonation
front axis to a laser by channeling the detonation wave by means of
several Lucite tubes as shown in Fig. 19. This fixture proved to be
unsuccessful since in all cases the Lucite tubes were destroyed. In
subsequent experiments the Lucite channel tubes were removed and a
cone was placed at one end with single spark plug ignition which
facilitated the axis initiated detonation frunt to travel past the

center section of the fixture which held the laser or probe., The cone

configuration is shown in Fig., 20,

3. "T" Pumping Fixtures

Kl | e

It was of interest to increase the resonance time of the detonation

TCTIEDTY

front with regards to the laser rod or probe. This was done by use of

s

a "T" pumping fixture as shown in Fig. 21 and the cone ignition neck

R

¥

in Fig. 22. Figure 23 shows a photograph of the "T" fixture, The

detonation was initiated by a single spark plug mounted in the cone

TYEF R SETTY
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section of the multi-pass pumping fixture and this cone unit adapted to
the "T" fixture. The Lucite tube holding the laser was mounted
perpendicularly to the initiation point and the interior of the fixture
was chrome plated and highly polished. The viewing ports for temperature

determination were located at a point on the center line of the fixture

and also cn one end plate,

3 4, Implosion Pumping Fixture

It was detecrmined late in the program that a special type of
fivture should be constructed for use in the pumping experiments. This
fixture utilized the principle of circumferential initiation of the
detonable mixture whereby the wave front weculd travel in towards the

Lucite tube holding the laser or probe. It is shown in Figs. 24 and 25,

Lt S 4 e L

Initiation could be accompiished by either 4, 8, or 12 M-8 spark plugs.

It was also provided with rings which could expand the interior by

! either 1" or 2", These rings were placed on the center axis perpendicular
to the Lucite tube. The interior of this fixture and its expansion

rings were chrome plated and highly polished to provide most efficient

light coupling.

FTIeT

C. VOLUMES OF VARIOUS FIXTURES USED

LR TSR o A

Fixture Vol, cc Fixture Vol. cc
3 Metal Cavity 21 Implosion 1660
’ Coaxial 232 Implosion + 1" ring 3510
Multi-pass 1700 Implosion + 2" ring S460

{no liner)

LA S £y

"T" 2700

TR




v

AT

gacret

LY

mﬁc‘wz‘»aﬂ s

| o . & __ _aa oA -
NESEarcn nstituie

3
of Temple University

FIGURE 24
IMPLOSION FIXTURE

(18]




7.

RTINS

FYCTTIILINTS

"

I

[T IRTret

i N ikl Lhwenns wiie E

FIGURE 25

IMPLOSION FIXTURE




e

Fos o o okl 4

Er e 3

S AP T Y

TR AT Y

A

B.

IV, TEMFERATURE MEASUREMENT DATA

TETRACYANO ETHYLENE-rOTASSIUM PCRCHLORATE SYSTEM

Small amounts of tetracyano ethylene (CgNy) and potassium perchlorate
(KC104) were ground separatsly to fine powders and mixed in various ratios
from fuel rich to oxidizer rich. Approximately £.1 to 0.2 grams were placed
in the confined chamber as shewn in Fig. 11, The mixtura was ignited with
either an electric match or an MLAl squib, Of the 20 experiments carried
out under varying degrees of confinement, no neasurable brightness tempera-
tures were obtained. The CgNy - KClO4 system apparently does not react

readily as powders.

CYANOGEN-CXYGEN SYSTEM
1, Test Tube Detonation Cell Experiments
A detonation cell was fabricated as shown in Fig. 12 for use with
the gasecvus cyanogen-gaseous cxygen system, The cell was evacuated
and then the cyanogen was admitted to a predetermined pressure, Oxygen
was then added until the pressure in the cell was 1 Atm. Mixture ratios
were varied from 45% to 50% cyanogen by volume, Over 100 tests were

carried out, Several different types of glass tubes were used:

a, Standard 3" long, round bottom test tube

b, Standard 3" long test tube with bottom cut off and either
1/8" Plexiglass or 3/32" glass plate cemented on end

c. 11" long, round bottom test tube
All tests were ignited with a spark by discharging a 5000 V. - 0,1 mfd

capacitor.
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The results of these experiments are shown in Fig. 26 and Table T.

The maximum average brightness temperature was 6100°K at 52% CoN2 for
the round bottomaed 3" test tubes. The maximum temperature obtained
Was 6400°K for a single experiment.

The flat bottomed test tubes showed ar average maximum of 5520°K
at 52% CoN2. The difference between the two types of tubes is probably
due to tne fact that the flat bottom tubes &are not as strong mechanically,
and, therefore, the fuli pressure wave is not developed. The 11" round
bottom tubes did not give as high results because they burst part way

from the initiator.

Typical oscillograph trace is shown in Fig. 27,

Metal Cavity Detoration Cell Experiments

Using metal cavity fixture, Fig. 13, a series of experiments were
made using cyanogen-oxygen mixtures at constant composition, 52% cyanogen
and 48% oxygen, a.d varying the initial pressures. A second series was
studied holcing the pressure constant at 3 Atm. and varying the composition
from 40 to 60% cyanogen, The resuits of the constant composition
experiments made at initial chamber pressures of 3, &%, aad 5 Atm, are
given in Table I1 and shown graphically in Fig. 28. Both head on and
side temperature measuremer ts were made utilizing either the Philco diode
system or the 931A photomultiplier detector, These detonations were
initiated by discharging 0.1 mfd capacitor charged to 5 Kv. across the
spark gap. The 5 Atm. and some 4 Atm. detonations cracked the single

1/4" thick Lucite window. Subsequently, two windows were used in all

remaining tests.
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As can be seen from Fig. 28, the optimim pressure range for the
cyanogen-oxygen detonation using the mecal cavity type fixture is from
3 to 5 Atm.; an increase of aporoximately 200° is achieved by raising
the pressure from 3 to 5 Atm,; however, raising the pressure from 1 to
3 atm. increases the temperature approximately 1100°K showing, therefore,
that this system should be run at pressures greater than 3 Atm. for
maximum brightness temperature. The 1l and 2 &tm. data was taken on the
test tube detunation cell desc-ibed in the previous section.

A second series of runs were wade using the metal cavity Fixture
and varying *he constants of the reactants from 40 to 60% cyanogen, The
results of these ta<ts are given in Table III and shown in fig. 26,

A4S can be seen from Fig. 29, the maximum tempereture is produced
at 52% cyanogen ~ 48% oxygen for the head on view and approximately
51.5% cyanogen - 48.5% oxygen for the side view. These results coincide

with those reported above using the test tube detonation cell fixture.

3. Squib and Detcaator Initiated Detonations
Squib initiation of cyancgen-oxygen mixtures at pressures up to
5 Atm. were also carried out utilizing the same metal cavity chamber,
For ‘hese experiments the adapter-fitting containing the spark plug was
removed and a special squib holder fitting inserted (see Fig. 13). The
squib itself was initiated with a 5.3 volt, 10 amp. filament transformer.
Twenty~three runs were made ~ 5 using a 90-10 sguib; 9 using an MiAl; and

8 using an XM~70 detcnator (see Table II). In all cases the cyanogen-

oxygen mixture (52% cyanogen) was initiated and gave brightness temperatures
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similar to those of the spark initistion series. Iritial pressures werc
either 3 or 4 Atm. The average temperature ach.eved at 3 Ftm. wdas
610°K., It should be noted that no c¢ifference -.¢ se:~ by the use of
the two different squib initiators or the XM-70 uetonator, Squib
initiation is entirely fe-sible for the gaseous ' anogen-cxygen BYstem

a~ is XM-70 detonator ignition.

Lucite Tube Confinement

The purpose of these experiments was tc cetermine the minimum wall
thickness aid diameter necessary to confine the detonation in Lucite
50 Yhat later determinations of trz high temperature zone could be made.
Swagelok fittinge were use. to hold the Lucite tube to the stainless
steel block which was equippec with a spark plug and a filling valve,

A clear Lucite window was attached vo the end of the tube by uue of
Swagelok union and nuts {see Fig. 15), Two detectors were usad in

some of these tests, looking at both the front and the side of the tube,
The spark was used for initiation, The results are tabulated and
presented in Table [V.

As can be seen in Table 1V, the 1/2" ND bv 1/4% ID tubes gave
burning and no Aet-naticas. In une 5 Atm. run, 6600°k was rea!izedj
however, the tube shattererd and this experimen~ cou’. not be repeated
in subsequent trys where only burni .g took place. Ths 3/4" OD by 3/8"
ID tube at 3 Atm., initial pressure yzve an average temperature of 5820~X
which is eabout 50C¢ .~ for this lnitial pressure in earlier experiments,
Therefore, a 1" OD by 1/2" ID tuse was used and in this case the detona-

tion gave a temperature of 6300°K for 2n initial pressure of 3 Atm,




TABLE IV

LUCITE TUBE CONFINEMENT USING 52% C2N2-48% 02

Tube Size (in.) Length Initial Pressurz Ave, Temp. °K (582 mu)

0D 1D (in.) Atm, Head-on View

0.5 0.25 6 3 No detonation, burning
L No detonation, burning
5 6600°K tube shattered on

detonation or burning

0.75 0.375 € 3 5820

1.00 0.5 ) 3 6300
4 6600 (tube shattered)
5 6720 (tube shattered)

1,00 G.S 12 3 5900 (tube shattered)

47
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repeatedly., At both 4 and 5 Atm, initial pressure, although the
theoretical temperatures were realized, the tube shattered in both
cases in all of the experiments tried. It was of interest to determine
whether a long tube of 1" OD by 1/2" ID could be used for this contain-
ment., It was found repeatedly that a 12" long tube of the zbove dimen=-

sions shattered upon detonation of the mixture and the highest temperature

realized was 5900°K.

Coaxial Tube Experiments

Since brightness temperatures in excess cf 6300°K have been shown
to be possible using the gaseous cyanogeu-oxygen system, a laser pumping
fixture was constructed., Figure 17 shows the deteonation cell., The
insida diameter of the fixture is 2" and the length is 6". A 1" 0D
Lucite tube is inserted axially in the fixture leaving a 1/2" circum-
ferentiai space for the detounating mixture. Two spark plug pcsitions
are possible and 4 side windows and 1 front window are inzluded for
brightness temperatur-e measurements. The results of s.veral runs are

given in Table V., A photograph of the coaxial fixture is shown in Fig. 18,

TABLE V

COAXIAL TUBE EXPERIMENTS USING 52% CoNo-48% 09

Spark Initiated from Rear at 3 Atm. Initial Pressure

Wave Length

Pogition Temperature °K of Determination
front windyy 6700 582
Front window 6680 582
Front window 5300% 582
lst side window from front 6180 550
5940 550
5400% 550

*Lucite tube broke
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Although more experiments must be carried out, the temperatures
obtained with this fixture configuration are very encouraging. The
temperatures measured from the side are approximately 5% lower than

those measured at the front. This is discussed in the next section.

Comparison of Axial and Axially Perpendicular Brightness Temperature
Measurements were made of the axially perpendicular or side bright-
ness temperature of the cyanogen-oxygen detonation using the metal
cavity detonation cell (Fig. 13), Lucite detonation cell (Fig. 15) and
the coaxial detonation cell (Fig, 17)., Table VI compares the experi-
mentally determined averaged brightness temperatures observed axizlly

and axially perpendicular using the above fixtures.

TABLE VI

COMPARISON OF AXIAL AND AXIALLY PERPENDICULAR BRIGHTNESS

Temperatures of the 52% CoN2-48% 02 System
at 3 Atm. Initial Pressure

Axial Axially Perp.

Fixture Temp . Temperature Side Observation Point
HMetal Cavity (Fig. 13) 6100°K 5850°K 1st window from front
5600°K 3rd window from front

Lucite Tube (Fig. 15)
i" OD x 1/2" 1D

8" long 6320°K 6260°K 1" from front
12" long 5870°K 5600°K 1" from front

Coaxial Cell (Fig. 17) 6€630°K 6060°K 3/4" from front
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As can be seen from Table VI, all temperatires measured from the
side are lower than those of the front. It should be noted that attempts
were made to measure the width of the luminous zone. These experiments
showed that the highly luminous reaction zone is very thin, 1 millimeter
or less; however, a lumincus zone exists behind the reaction front, the
intensity of which diminishes slowly with the distance from the wave
front. This zone is approximately 4 centimeters long. The measurement
of the side brightness temperatures are not entirely accurate since this
zone does not "fill" the observation window totally at any instant, This
problem is not entirely resolved at this writing and requires additional

investigation.
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C. CYANOGEN-OXYGEZN INERT SYSTEMS
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1. Cyanogen-Oxygen~Argon System

Experiments were carried out using mixtures of cyanogen-oxygen~
argon it pressures of 3 to 5 Atm. initial pressure, The amount of argon
in the .ystem was varied from 5% to 40%, The results of these experiments
show that temperatures as high as 74-75°K could be obtained by initiating
the mixture with a spark ir the metal cavity fixture., The dependence
of the temperature of the percent argon added is evident from the plot
shewn in Fig, 30, Both the head-on and the side temperature were
measured and the maximum temperature of approximately 7900°K was obtained
at 20% argon. It shoull be noted that the data plotted in Fig, 30

represents the maximum temperatures measured in any one experiment and

Table VII lists the average values over a series of experiments,
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Cyancgen-Oxygen-Helium System

Similar erperiments were run using the cyanogen-oxygen~helium system
as those in 1 above and these showeu a maximum temperature of 8000°K at
15% helium, as shown in Fig. 31. The data for these runs is listed in

Table VIII.

Cyanogen-Oxygen-Xenon System

Similar experiments were carried out using cyarogen-oxygen-xenon
mixtures as in 1 and 2 above. The dsta generated from these experiments
is listed in Table IX and shows a maximum temperature of 7640°K at

30% xenon,

Discussion of Cyancgen-Oxygen~Inert Systeus

It was not clearly understood at the time the experiments were run
just why higher temperatures were obtained using the inerts as diluents
in the cyanogen-oxygen detcnation than those temperatures measured using
the cyanogen-oxygen system alone. Further investigation of the data
showed that a very long induction time, that is, the the time from the
initial spark to the first detection of light, was measured using the
diluent systems, These induction times for argon are shown in Figs. 32
and 33 and for heiium in Figs. 3L and 35, As can de s<cn from these
curves, Fig, 32 head-on view ang Fig. 33 side view, that the induction
time varies nearly linearally with the percent argen diluticn, Lilewise,
for helium, Fig, 34 head-on view and Fig. 35 side view, show the same
result and are somewhat more linear than the argon results,

Upon reviewing the literature and the experimental data, it was

determined that the high temperatures were produced by the production of

s
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a flame during the induction period which increased the pressure of the
confined system, At some point a detonation was initiated in the higher
pressure realm and propogated down the remaining l:ugth of the chamber.
Since the detonation was at a higher initial pressure, the resulting
temperature measurement showed an increase, The induction time for the
systems was reproducible and increased in time with increased concentra-
tions of inert gas addition, The cgnclusion drawn before for this system
is borne out by several exnariments discussed later in the report. One,
which iz listed on Table VII, is the initiation of an argon system using
a XM-"0 detonator whereby initiatior of the detonation front occurs with
no induction period. In this case the temperature measured was lower
than that of a pure cyanogen-oxygen system, as would be expected, since
the inert in this case uas just acting as a diluent. Itshould be noted
that spectra and velocity measurements were made using a 20% argon-
cyaangen-oxyen system and the spect.ra showed no difference between the
system without the diluent. The velocity measurements showed lower
velocities than the cyanogen-oxygen system without diluticn which in light
of the above, should be true, Further discussion of these points is made

in the sections on velocity measurements and spectral measuremenis.

D. CYANOGEN-NITRIC OXIDE SYSTEM
It has been shown that the cyanogen-nitric oxide system has slightly
higher adiabatic flame temperature than the cyanogen-oxygen system(z).
Experiments were run using the metal cavity chamber with cyanogen=-nitric
oxide in varying raties. The results of these experiments are shown in

Table X and Fig. 36. The maximum temperature measured was 6570°K using a

(2)stokes, C.S., Werner, R.P.¢,, Smith, W.F.R., & Cahill, J.A., INDEENG CHEM.
52 , 75(1960)
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35% cyanogen-65% ritric oxide mixture. The tewperature obtained by using
this system is in the same range as that of the cyanogen-oxygen system and
the small increase of perhaps 100° did not warrant furth.r investigation

of this system.

TEMPERATURE FOR XENON FLASH LAMP TYPE FX-100

It was of interest to determine the temperature produced by a Xenon
flash lamp Type FX-100 using a bank of capacitors of 71 MFD varying the
voltage from 600 to 2500 V. A plot of the results is shown in Fig., 37 where
voltage is plottea vs, temperature and energy, in joules, plotted vs,.
temperaturs, As can be seen, temperatures in excess of 10,000° were produced
using this type flash lamp. This data is included in this report for

comparative purposes with the chemical systems used.

EFFECT OF INITIAL PRESSURE OF TEMPERATURE PRODUCED BY A FLAME OR DETONATION
The effect of initial pressure on the temperature produced by a flame

or detonation. Consider first the cyanogea-oxygen reaction:
CoNp + 02 + 2C0 + N2 + 127 KCal,

The temperature reached by the above flame at 1 Atm. pressure is 4830°K arnd
at 10 Atm. 5050°K, This is not an appreciable increase in temperature {4800¢
to 5000°K) for the pressure rise., The method of calculation of flame
temperature is as follows:

Consider the combustion products 2 CO + Ny and raise their tempesrature

until all the reaction heats (AHf) is expended-
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A8Hg = [Cp(N2) + 2 Cp (20)] AT
AT = T¢ - 298°K Tf = flame temperature

Solve for AT and then for Tg

The Tg¢ obtained is the maximum temperature that would be possiblis for the
reaction, However, the Tf is not obtained experimentally due to dissoci&~-

tion of the combustion products as follows:

No ++ 20 (K))
CO «+ C + 0 (Kg)

K = the eouilibrium constant of the reaction

Consider -

No ++ 2N (K3)

2 2 ah
. LoN) T2 3
Kl - 0N2 or Ky = (1-X) n

where P = Total pressure

p = Partial pressure of a particular product
X = Moles of N
Inj = Total number of moles or products
(entire reaction)
&n = change in the number of moles

(products )} - (reactants ) ie
2N - Ng, 2-1 = 1 = &An

for dissociation reaction only

Note that in above reacticn K] is directly proportional to P, the initial

pressure., However, at 4830°K, N2 is ouly 3% dissociated to N, and, therefore,
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a large increase in initial pressure - say 1 to 10 - will nct mean meca of

an increase in tle flame temperaturs. Although dissociation reactions

absorh a great dezl cf heat from the reaction heat, in the Colz + 09 case

only about 3% of this reastion heat is "lest™ to dissociation., The

XTI

temperature of other reactions, particulzrly tnose invclving Sfluorine arnd

llke compcundc, show a great depepdence on initial pressure. For example,

two reactions:

ALy SRS da

2HCN + Fp 4+ 0z + 20F 4+ 2CO0 + N2 and

Hp + F2 + 2HF

O o gl LA ) L S ]

Tablie XI below compares the pressu-e dependence of the flame temperature to

5 that of cyanogen.

3

E TABLE XI

3 Pressure CoN2 + 92 =  2HCN + F2 + 02 + Hyp + T2 =

4 Atm, 2C0 + Np 2HF + 2C0 + N2 2HF

é

5 1 4848°K 3950°K $00C°K

3 10 5016°K 41400°K ¥400°K
100 5119°K 4R890°K 5100°K

In th: case of detonation of the above t:ixtures, the pressure-temperature

£
£
g
=
>3
£
E
=

equilibrium is even more pronounced, since high pressures (20 to 50G Atm.)
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occur in the shock rronts,
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V. DETONATION VELOCITY MEASUREMENTS

EXPERIMENTAL VELOCITY MEASUREMENTS ON CYANOGEN~-OXYGEN SYSTEMS

It was of interest to determine the detonation velocity of cyanogen-
oxygen and cyanogen-oxygen-argon mixture, In order to determine first,
if the spark initiated detonations were reaching full detonation velocity
and second, what effect the addition of arger to the mixture had on the
detonation velocity.

Four methods were used to determine detonation velocity:

1. Drum camera veloclity measurements done at
Picatinny Arsenal's facilities

2. 4' x 1" 0,D, Lucite tubes and 2' x 1" 0.D. Lucite tubes
3. 1/8" windows inside

4, A special slit fixture shown in Fig. 16

In method 2 the tubes were taped at 10 Cm, intervals with black elec-
trical tape leaving a slit of approximately 1/16", Approximately 6' from
the tube a 931A photomultiplier detector was set up and this measured the
detonation wave giving pulses as the detonation traveled down the tube
past the slits., In method 3 the set-up was very similar in that a photo-
multiplier tube detector was set up some 2' from the windows and measured
the light pulses as the wave passed the windows. Again in method 4 the same
procedure was used and the photomultiplier detector was placed some 2!
frem the slit fixture and the pulses measured. The | "s were photographed
on a 535 oscilloscope with a calibrated sweep and thus the time intervals

between the pulses cauld be measured accurately and thus the detonation

|
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velocity calculated from the distance between the slits and windors divided
by the tim: between the pulses., Table XII gives the velocity measurements
mad2 with both the cyanogen-oxygen and the cyanogen-oxygen-argon mixtures
hy the several methods used.
As can be seen from Table XII, the velocity measurements for 52% cyanogen-
48% oxygen by four different methods show very good agreement., The velocity E
can be taken to be on the average of 2700 meters per szcond. Using a !
41.5% cyanogen, 38.4% oxygen and 20% argon, the velocity is lower than in
the systen without the argon, having an average of 2500 m/s. This is an
expected result since the argon in this case merely acts as a diluent. In
the case of the metal cavity where the detonation was measured over only a
6' length, the velocity was 2710 m/s. Tbis reflects the ignition delay
which occurs with the argon mixture and shows tha® there is a long period
of the order of 300 micruseconds where only a fiame is produced, increasing
the pressure of the system before detonation occurs. This is more fully
explained in Sextion IV. The table also shows the detonation velocity of
the 34} cyanogen, £6% nitrogen system to be 261C m/s, All these values

given are in gocd agreement with thecyetical calculations.

THEORETICAL DETONATION PARAMETERS

S oo o e A P b s

Figure 38 shows the theoretical detonation parameters of the gaseous
cyarogeu-gaseous oxygen sy<tem., It shows the maximum theoretical temperature
to be 6200°K at 50% CoN2 and developing 57 Atm, pressure with an initial
pressure of 1 Atm., Taeoretical values are in good agreement with the
experimental results of these investigations.

Table XIII lists the detcnation parameter of several CoN2 liquid and

solid systems,

Ot b A




WY ST TR TR YA Wy

IIRESEE T T E

»

Pt

~

P Sl Y-SR L o e A e N

TR TIRDITE T TR VAR, LB LT AERCAT AT NS

"
i
L
¢
¢

'
£
!

70

as

SMOPUTHM €
£ 0L92 xaedg € vice  A3TARD TR3IL9K ON $99 + ZN%D ghe
eJxaure) aqny, ajtonyg
T £25T yxeds SL°E unaq \Z X Q0 T
SMOPUTM £
9 0TLZ sxedg SL'E Vies  A3vaed Te3SH
8 sdeossq sesz yaedg SL°E aqny, 93ToNnq
9 sfeday oLhZ saedg € v1€6 o X d0 T ay $0¢ + 0 gh*8e + TNCD ¢9°Th
L 0692 saedg £ VIe6 3TTS
eJauwe) agqn] aiTonn
A T9LZ yaeds £ wnaq W2 X a0 .1
SMOPUTM ¢
g9 Ska2 yaeds € VIe6  A3tae) TRISY
aqn], 237oNnq
€ 1992 yxeds < viee oh X 40 T 20 $8h + ZNCO %2S
SNNN *o9s/uw NOILINDI *HLY q010313d RANLXTI HALSXS
Jo XLIDOT3A TNSSTIJ
*ON TVILINI

SHILSAS av + 20 + Z(NJ) aNv 20 + T(ND) aIHL JO

SINIRIANSYIR ALIDOTIA NOILVYNOLIA

IIX I8Vl

. e s s r—— -~

s SEit i - o e a Y, - T T A L TN A T T I M iy e LT R T TR e "y

R PR T AT SRS, SRS L TS ST S P TRy |



Research Institute
of Temple University

D A i et T S M AN S S

o0

N

: / <

ATMOSPHERES
(2
40 ‘:-:'-’&f/

o
30 el

20

28 — -

Y
\ 4 g\°°
METERS/SEC. 23 e /

x10-2 ar °.
22 o8 /

L7

T°K b

xjo?* S S A

% (cN),

FIGURE 38
THEORETICAL DETONATION PARAMETERS. (CN),+0, SYSTEM

71




NF R TR TR TR by S T R TR R Y T NG SAARIRTL RIS e ooy, TR ke imeaa Ty v

r‘in - . e e geae AR T Laces TE
'
.

Pl
1

3 TABLE XIII

DETONATION PARAMETERS OF SEVERAL CYANOGEN JYSTEMS

i Detonation Detonation Detonation Loading

- Velocity Pressure Temn, Density
’ System m/sec Atm x 10-3 oK _glee
é CoN2 (Solid) + 02 (Liq) 5650 4,84 5560 1.0%
?‘ CoNp (Solid) + 202 (Liq) 6580 130 8460 1.05
E CoN2 (Solid) + 4/3 03 (Liq) 7440 180 9740 1,22
3 2 CoNp (Lig) + NoOy (Liq) 89590 108 5760 1,07
: 2 CoN2 (Liq) + 3/4 Nooy (Liq) 8650 165 5490 1.05

T TR

It should be noted that extremely high temperatures are produced by the

CoNo - ozone system. The liquid CpNo - NyOy system produces a theoretical
temperature of 5760°K based on Temple calculaticns which should be repeated

for more accuracy.
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VI, SPECTRAL MEASUREVMENTS

Emission spectra of the cyanogen-oxygen and cyanogen-oxygen argon
systems were made using the metal cavity fixture coupled to a Bausch and Lomb
1.5 meter spectrograph. Four spectra were taken, two on each system. These
spectra showed no appreciable difference between the two systems and no argon
lines could be identified. For the most part the spectra showed a continuum

with the following band heads of carbon identifiable:

56364 4729
5587 4382,5
5162 4365,5

The implication from these experiments is that there is no appreciable
difierence between the two systems and that the argon does not contribute to any
extent in the emission and merely acts as a diluent,

Emission spectra of a FX-100 Xenon flash tube was taken., Comparison
of the spectrogram with that of the cyanogen-oxygen system showed x similar
continuum; however, strong line spectra was also present, as would be expected,
Although the spectral emissions of the two sources were not exactly similar,
it was felt that the use of Xenon flash lamp for a calibration and correlation

purposes would be permissible,
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VII. PROBE MEASUREMENTS ON PUMPING F1XTURES
UTILIZING CYANCGEN-OXYGEN SYSTEMS

In order to determine the probability of pumping a neodynium or ruby
laser with a particular pumping fixture configuration, it was decided to use small
probes of the type described in Section II - C. These probes utilized a Philco
type L4413 photodiode coupled with appropriate filters, These probes were
placed inside the Lucite tubes which held the lasers in the lasing experiments
described in the next section. The calibration of the piobes was made by
threshold lasing a ruby laser in a unit containing & Xenon flash tubes. When
the threshold lase was obtained, the laser was removed and the probe put in its
place. The same energy was then applied to the 4 flash tubes and an oscillograph
trace of the probe output was made. This was then repeated for several higher
energy level inputs to the flash tubes. From this data the energy output cf
the chemical systems could then be correlated. This corvelation assumed that
the spectral emission from both the Xenon flash tubes and the cyanogen-oxygen
system were essentially the same, which is discussed in Section VI, Typical
traces of the probe output are shown in Fig. 39. In the initial studies, several
types of probes were tried, The first one used only an infrared filter, which
proved to be unsatisfactory. Second, generation probes utilized Corning filters
of the blue and blue-green type. The results from these probes were better than
from the infrared types but were not quite reproducible and, therefore, could not
be reliably used in comparison studies. Table XIV lists the experiments
performed with the two probes described abov:. The table lists 4 pumping

fixtures on which experiments were carried out, These included the coaxial type,
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multipass, and the "T" fixtures. As noted above, the results show.:d very high
outputs with regard to the threshold lase energy required for ruby laser. As
can be seen in the next section, these results were, in effect, erroneous in
that ruby lasing was not achieved using the above fixtures.

In order to resolve the problems enccuntered with the initial probe
types, two new probes were developed. These probes used the same photodiode but
were coupled with interference filters transmitting in the absorption bands of
the ruby laser. The absorption spectra of ruby and neodynium crystals is shown
in Figs. 40 and 41. One probe used a 565 my interference filter and the other
a 431 mu interference filter. These piobes were cali'.cated for both energy and
temperature. The energy measurements were made using the previously described
Xenon flash tube system. The temperature calibration was based on the AG-1
flash bulbs. The results obtained using the "T' fixture with these new probes
is given in Table XV, Figures 42 and 43 show the measured lemperature vs, mixture
ratios of cyanogen-cxygen-helium respectively, TFigures 44 and 45 show the
energy output for the above systems measured in the same fixture using the new
interference type probes.

The same probe system was used on the implosion fixture and those
results are listed in Table XVI. Upcn reviewing the dat:. generated using hoth
the "T" and implosion fixture, it was determined that the implosion fixture had

the best chances of pumping a ruby laser,
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VIII, LASING EXPERIMENTS UTILIZING CYANOGEN-OXYGEN SYSTEMS

A series of experiments were run using the various pumping fixtures to
determine if a lase could be obtained from either a glass neodynium rod or a
ruby rod, The probe experiments showed that the implosicn fixture had the best
E chance of pumping ruby; however, the other fixtures were also experimentally
; tried. Using a glass neodynium doped laser rod of 2" length and approximately
1/4" diameter placed in the center of a Lucite tube which was inserted into the

umping fixture, several experiments ‘ere made using cyanogen-oxygen mixtures
g 3 P

in order to determine if lasing could be obtained. Table XVII shows the experi-

ments run using the glass neodynium rod and the cyanogen-oxygen system, The

IR (T T T YT

threshold energy required for lasing the glass rod was from 30 to 60 joules.

ey

Figure 46 shows a plot of the imput energy in joules vs. the output
energy in millijoules for the Kodak 4 HM neodynium glass laser rod (1/4" diameter
; x 2" long) using two FX-100 Xenon fiash tubes as the pumping sourcze, The

laser was held in a 10 mm OD piece of glass tubing with the flash tubes 180°

apart touching the glass tubing. A piece of aluminum foil was wrapped around

the flash tubes and glass tubing making the pumping cavity. As can be seen

from Fig. 46, the threshold energy required for lasing this rod was 39 joules;
that is, below this imput energy no lasing was observed on the detectors, In

many cases lasing was observed using the cyanogen-oxygen system. The best lasing

occurred using the implosion fixture initiated peripherally with 12 spark plugs.

MR

The maximum output obtained using the implosion fixture with the 2" ring was

AE T

14,5 mj using a 52% cyanogen-48% oxygen mixture,
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Attempts were made to pump a ruby rod which uad a threshold lasing

energy of approximately 150 joules using multipass, "T", and implosion type
fixtures., Successful lasing was achieved using the implosion fixture, as listed
in Table XVIII. The implosion fixture with the 2" ring showed the best resultas
and the maximum energy output measured was 3 mj. It should be noted that the
lasing pulses obtained using the ruby crystal occurred 1.5 ms after initiation.
This period of time is extremely long for lasing pulses to appear aiter
initiation and it has not been determined at this time what the caus: of this
delay is. However, these experiments show that the cyanogen-oxygen system is
capable of pumping a ruby laser., These experiments showed that neodynium

doped glass rods can be pumped above threshold using the above systenm,
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IX. CONCLUSIONS

The major accomplishment of this program was the pulse pumping of a
rucy solid-state lacer utilizing as the energizing source a cyanogen-oxygen-
sar ous detar.' on confined in a specially designed pumping fixture. Also
ns jw~ .3 -state laser could be pulse pumped using the same system, The
oro,, - et <8 ylelded information on the prcduction of high intensity light
s.~.~cer by using fast chemice® reactions as well as a better understanding

of the mechanisms that produce these high temperatures,
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